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ABSTRACT 
Neonates are dependent on a caregiver to discover that they are in pain and to manage it. Numerous 
pain assessment scales have been developed, but pain assessment is challenging because neonates of 
different gestational ages (GAs) have widely varied pain responses. Individual contextual factors 
such as GA or health status may account for this variability in pain response. The aim of the present 
dissertation was the validation and revision of the Bernese Pain Scale for Neonates (BPSN) by testing 
its psychometric properties and analyzing the influence of individual contextual factors on the 
variability in pain response. The BPSN is a pain assessment tool that is widely used in Swiss neonatal 
intensive care units. In this prospective multisite validation study, 154 neonates between 24 2/7 and 
41 4/7 weeks of gestation were videotaped during 1-5 routine capillary heel sticks in their first 14 
days of life. For each heel stick, three video sequences were produced: baseline, heel stick, and 
recovery. Comprehensive psychometric testing was conducted to examine the BPSN’s underlying 
factor structure, interrater reliability, concurrent and construct validity, sensitivity and specificity. 
Single and multiple linear mixed effects analyses were used to examine the influence of individual 
contextual factors on variability in pain response. The results of the psychometric testing indicated a 
significant reduction of the scale from nine to four items: crying, facial expression, posture and heart 
rate. This modified BPSN showed promising reliability and validity, especially when the cut-off that 
discriminates between no or low pain and moderate to severe pain is adjusted to increase with 
increasing GA. Apart from the GA, baseline behavioral state and ventilation status were the 
individual contextual factors which the revised BPSN should account for. The BPSN-Revised is a 
promising tool for acute procedural pain assessment in full-term and preterm neonates with different 
GAs. Future studies should test its validity, feasibility and clinical utility. 
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1. Introduction 
Until the middle of the eighties the common assumption existed that neonates are not able to 
sense pain, due to their neurological immaturity (Unruh & McGrath, 2014). This assumption changed 
abruptly in 1985, when the mother of an extremely preterm neonate appealed to the public because 
her little son Jeffrey Lawson had experienced an operation on his open heart while he was only 
sedated, but not anesthetized (Lawson, 1986). This incident with its following popular outrage was 
an important turning point in neonatal pain management. Shortly after, Anand and Hickey (1987) 
showed that preterm and full-term neonates’ nervous systems are developed sufficiently that they 
may have a sensation of pain. Since then, massive efforts have been undertaken to explore the 
underlying mechanisms of neonatal pain and to provide appropriate pain assessment and management 
strategies. Despite this progress, operationalization and assessment of neonatal pain remains a major 
challenge. The influence of individual contextual factors (e.g., neonate gestational age) on pain 
response poses one of these challenges. 
During the past 30 years, there has also been an increase in preterm birth rate in most countries 
(Blencowe et al., 2012). Preterm birth is defined as birth of a neonate with a gestational age (GA) 
younger than 37 weeks. Preterm neonates can be subdivided based on their GA into extremely 
preterm (< 28 weeks), very preterm (28-31 6/7 weeks), and moderate to late preterm (32-36 6/7 
weeks) neonates (World Health Organization, 2018). In Switzerland, the preterm birth rate averages 
7% (Bundesamt für Statistik, 2018). Of these, about 14% are born with a GA younger than 32 weeks. 
Depending on their GA and state of health, preterm neonates spend their first postnatal days, weeks 
or months in a neonatal intensive care unit (NICU), where they are exposed to multiple painful 
diagnostic and therapeutic procedures (Carbajal et al., 2008; Cignacco, Hamers, et al., 2009; Stevens 
et al., 2011). A recent review indicated that preterm neonates experience 7.5 to 17.3 invasive 
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procedures each day on average during their first two weeks postnatal (Cruz, Fernandes, & Oliveira, 
2016). The most immature infants often experience the highest number of painful procedures because 
of their longer stay in a NICU and their poorer state of health (Grunau, Oberlander, Whitfield, 
Fitzgerald, & Lee, 2001). The procedures are important for the survival and health of preterm 
neonates, but the results of several studies indicate that repeated painful experiences at this early age 
with an immature nervous system lead to negative short- and long-term consequences (e.g., 
Brummelte et al., 2012; Doesburg, 2013; Grunau et al., 2009; Ranger et al., 2013; Schneider et al., 
2018; Vinall & Grunau, 2014). Therefore, reliable and valid pain assessment tools are crucial for an 
appropriate pain management and a healthy development of this vulnerable population group. 
The aim of this dissertation was the validation and revision of the Bernese Pain Scale for 
Neonates (BPSN) by testing its psychometric properties (Cignacco et al., 2017; Schenk et al., 2019; 
see Appendixes II and III) and analyzing the effect of individual contextual factors on variability in 
neonates’ pain response (Schenk et al, submitted; see Appendix IV). Chapter 2 summarizes the 
theoretical background regarding neonatal pain, Chapter 3 presents the research questions of this 
dissertation and Chapter 4 summarizes the method. Chapter 5 includes a synopsis of the study results 
and Chapter 6 contains a general discussion of the main findings and the conclusions.  
2. Theoretical background 
2.1 Conceptualization of pain 
The International Association for the Study of Pain (2017) conceptualizes pain as “an 
unpleasant sensory and emotional experience associated with actual or potential tissue damage, or 
described in terms of such damage.” Because some individuals (e.g., neonates) are not able to 
communicate their experiences verbally, this definition was updated in 2001 to include the 
proposition that “the inability to communicate verbally does not negate the possibility that an 
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individual is experiencing pain” (Hadjistavropoulos, Breau, & Craig, 2011). Williams and Craig 
(2016) recently recommended to define pain as “a distressing experience associated with actual or 
potential tissue damage with sensory, emotional, cognitive, and social components”. This new 
definition considers all aspects of the biopsychosocial model of pain, which describes pain as 
complex interaction between biological, psychological and social characteristics (Craig, 2009).  
The subjective pain experience and pain expression may be influenced by many factors. The 
social communication model of pain describes pain as a dynamic and interactive process between a 
person in pain and its caregiver (Craig, 2009). Sellam, Cignacco, Craig and Engberg (2011) adapted 
this model to preterm neonates in a NICU, where demographic and medical factors are particularly 
relevant and may have an immediate influence on neonates’ pain experience and pain response. Cong, 
McGrath, Cusson and Zhang (2013) suggest in their conceptual framework of pain measurement that 
neonates’ behavioral, physiological and biochemical pain response may be influenced by 
characteristics of the painful stimulus (e.g., type and duration of pain) as well as contextual factors 
(e.g., GA, number of painful experiences). Pain response as well as the measured pain level may also 
be influenced by characteristics of the observer (e.g., knowledge, attitude about pain) and the pain 
assessment tool used. In the present dissertation, neonates’ pain response measured with the BPSN 
as well as the influence of individual contextual factors on variability in pain responses will be 
examined. 
2.2 Individual contextual factors 
A neonate’s demographic characteristics (e.g., sex, age) and medical conditions (e.g., health 
status, medication) and his or her history of painful and stressful experiences might impact pain 
response (Cong et al., 2013; Lee & Stevens, 2014; Sellam et al., 2011). For instance, in neurologically 
impaired and very ill neonates, and in neonates on medications such as sedatives, pain may be 
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dampened or not observable (Hummel & van Dijk, 2006). Such individual contextual factors may 
account for the high variability in pain responses within and between neonates (Cignacco, 
Denhaerynck, Nelle, Bührer, & Engberg, 2009). 
2.3 Physiology of pain 
 Whereas the concept of pain encompasses biological, emotional, cognitive, social and other 
contextual components, nociception refers to the neural process of transmission, processing and 
modulation of noxious stimuli at different levels of the nervous system. Potentially or actually 
noxious stimuli are detected by receptors of the peripheral somatosensory nervous system 
(nociceptor) and are transduced into electrical signals (Walker & Baccei, 2014). These nociceptive 
signals are transmitted to the dorsal horn where the processing of noxious information by the central 
nervous system (CNS) begins (Walker & Baccei, 2014). Nociceptive signals are processed through 
excitatory (increasing neural response to stimulation) and inhibitory (decreasing neural response) 
neural circuitry (Beggs, 2015). The conscious perception of pain happens in the brain, where 
nociceptive signals are combined with emotional and cognitive processes of the brain (Simons & 
Tibboel, 2006). 
2.3.1 Nociception in preterm neonates 
The neurophysiological system of extremely preterm neonates is already developed to such a 
degree that it is capable of transmitting nociceptive signals (Fabrizi, 2011; Fitzgerald, 2005). In 
preterm neonates, the excitatory circuitry in the dorsal horn is predominant and facilitates the activity-
dependent development and re-organization of the CNS (Beggs, Torsney, Drew, & Fitzgerald, 2002; 
Fitzgerald, 2005); which are crucial processes in the maturation of neonates’ CNS. The inhibitory 
circuitry is immature and leads to reduced sensory discrimination between tactile and noxious 
stimulation and poor spatial localization of noxious stimuli (Cornelissen et al., 2013; Walker, 
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Fitzgerald, & Hathway, 2015). The specific neuronal circuits that are necessary to distinguish 
between touch and noxious stimuli do not emerge until 35 to 37 weeks of gestation (Fabrizi, 2011).  
Cortical neurons and networks are activated by noxious stimulation (Fitzgerald, 2015; Slater 
et al., 2006), but cortical responses to tactile and noxious stimulation are non-specific in very preterm 
neonates and become more specific with increasing age (Cornelissen et al., 2013; Green et al., 2019). 
Most of the brain regions that are involved in adults’ pain are also activated in full-term neonates 
(Goksan et al., 2015), but the ability of cognitive pain processing (e.g., interpretation) emerges later 
in development (Ranger & Grunau, 2015). Due to this immaturity of the nociceptive system and 
CNS, preterm neonates may be more sensitive to pain than older neonates and adults (Grunau, 2013). 
2.3.2 Consequences of early pain exposure 
Repeated painful and stressful experiences during the critical period of nervous system 
plasticity have the potential to impact the development of the CNS in both the short- and long-term. 
Neonates’ pain response may be impaired after only 20 painful procedures (Grunau et al., 2005), but 
the direction of this impairment is unclear. Some studies reported less intense pain responses in 
neonates subjected to frequent painful procedures (e.g., Grunau et al., 2001; Johnston & Stevens, 
1996; Morison et al., 2003). Other study results suggested that repeated painful experiences may lead 
to increased pain response (hyperalgesia) or to pain responses without a painful stimulus (allodynia) 
(e.g., Fitzgerald, Millard, & McIntosh, 1989; Taddio, Shah, Gilbert-MacLeod, & Katz, 2002).   
Painful experiences may impact the development of the CNS with consequences that persist 
into adulthood (Walker, Beggs, & Baccei, 2016). Adults who were injured during the neonatal period 
may show an increased response to painful stimulation of a previous injured region (local 
hyperalgesia; Beggs, Currie, Salter, Fitzgerald, & Walker, 2012) and a reduced response to painful 
stimulation on other parts of the body (global hypoalgesia; Walker et al., 2015). Furthermore, early 
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pain exposure is associated with long-term effects on the developing brain, such as reduced 
maturation of white matter and subcortical grey matter (Brummelte et al., 2012) and impaired 
structural and functional reorganization of the nervous system (Schneider et al., 2018). Further 
consequences of early pain exposure are for example an impaired cognitive and motor development 
(Bhutta & Anand, 2002; Grunau et al., 2009) and changes in the function of the stress-response 
system (Grunau et al., 2010). Accurate pain assessment and appropriate pain management are 
therefore fundamental for a healthy development of preterm neonates. 
2.4 Pain assessment 
Neonates depend on caregivers who detect and assess their suffering by observing behavioral 
and physiological pain responses. Because caregivers’ judgments are subjective (Craig, 2009), pain 
assessment scales are used in the clinical setting to make the assessment more objective. Pain 
assessment scales can be classified as either unidimensional or multidimensional (Lee & Stevens, 
2014). Unidimensional scales include behavioral pain indicators (e.g., facial expression, crying); 
multidimensional pain scales are a combination of behavioral and physiological indicators (e.g., 
changes in heart rate and oxygen saturation). Some pain assessment scales further include contextual 
factors such as GA or behavioral state (e.g., the Premature Infant Pain Profile-Revised [PIPP-R]; 
Stevens et al., 2014). Recently, more objective approaches for pain assessment have been 
investigated, such as measurement of skin conductance or heart rate variability (Cong et al., 2013). 
For a better understanding of the underlying mechanisms in neonatal pain and for an improvement in 
pain assessment, newer brain-oriented techniques such as functional magnetic resonance imaging 
(fMRI) are used (Fitzgerald, 2015; Ranger & Grunau, 2015). However, for a systematic clinical pain 
assessment, exclusively observable behavioral and physiological indicators are appropriate.  
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More than 40 pain assessment scales for neonates and infants have been developed in the past 
three decades (Cong et al., 2013). Most pain scales were designed for research purposes and are 
inappropriate for the clinical practice because their application requires too much time (Franck & 
Bruce, 2009). Of the pain scales developed for clinical pain assessment, only few have undergone 
rigorous psychometric testing (e.g., the Behavioral Infant Pain Profile [BIIP; Holsti & Grunau, 2007]; 
the Neonatal Pain, Agitation and Sedation Scale [N-PASS; Hummel et al., 2008; Hummel eta l., 
2010]), and have been validated in extremely preterm neonates (AAP, Committee on Fetus and  
Newborn, & Section on Anesthesiology and Pain Medicine, 2016; Badr, 2013). In addition, the 
feasibility and clinical utility of validated pain scales have been rarely examined (Lee & Stevens, 
2014). For this reason, none of the existing pain assessment scales are referred as being the gold 
standard (Lee & Stevens, 2014). 
2.4.1 Challenges in pain assessment 
Pain assessment in neonates is hindered by different reasons: (1) A lack of consensus exists 
in the international research community regarding the appropriate dimensionality of a pain scale 
(Pillai Riddell et al., 2016). Only low to moderate associations exist between behavioral and 
physiological indicators of pain (e.g., Holsti, Grunau, Oberlander, & Osiovich, 2008; Lucas-
Thompson et al., 2008). In addition, no consistent association between behavioral and physiological 
pain indicators and nociception-specific brain activity has been detected so far (Pillai Riddell et al., 
2016; Relland, Gehred, & Maitre, 2019). (2) The fact that unspecific physiological and behavioral 
indicators of pain may also be shown during non-painful, stressful experiences (e.g., agitation 
because of hunger or other factors) makes pain assessment more difficult (Hummel & van Dijk, 2006; 
Johnston, Fernandes, & Campbell-Yeo, 2011). (3) The absence of a pain reaction to a procedure that 
would normally be considered painful (e.g., heel stick) does not necessarily mean that the neonate 
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does not sense any pain (Johnston et al., 1999). In a study of Slater, Cantarella, Franck, Meek and 
Fitzgerald (2008) some infants showed no observable behavioral reaction to heel stick procedures, 
although their cortex was strongly activated. (4) Until today, no uniform definition exists for the 
different kinds of pain in newborns. Anand (2017) recently suggested that chronic pain in newborns 
should be defined as pain that lasts eight days or longer, with clearly different behavioral and 
physiological response patterns compared to acute pain. (5) The examination of the influence of 
individual contextual factors on variability in neonates’ pain response is hindered because contextual 
factors may be strongly correlated with each other (Sellam et al., 2011). Extremely preterm neonates 
may, for example, have a longer stay in the NICU due to their poorer health status and may therefore 
experience more painful procedures compared to more mature neonates. Because neglecting the 
influence of individual contextual factors in pain assessment might lead to misjudgment of a painful 
state followed by a lack of effective pain management strategies (Hatfield & Ely, 2015), the 
consideration of relevant contextual factors in pain assessment has been recommended to enhance 
the accuracy of pain scales (e.g., AAP et al., 2016; Sellam, Engberg, Denhaerynck, Craig, & 
Cignacco, 2013). 
2.4.2 Pain assessment and management in the clinical practice 
The integration of pain assessment into clinical practice is a further challenge. Routine pain 
assessment in neonates has been strongly recommended (e.g., AAP et al., 2016; Hall & Anand, 2014), 
but the implementation and systematic use of valid and reliable pain assessment scales in daily 
practice have remained problematic (Avila-Alvarez et al., 2016; Cong et al., 2014; Polkki, Korhonen, 
& Laukkala, 2018; Stevens et al., 2012). In a recently conducted survey that captured the assessment 
of continuous pain in 18 European NICUs, pain assessment varied between 0% and 100% (Anand et 
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al., 2017). Only 31.8% of neonates received assessment of pain at least once during their stay in a 
NICU, and only 10% received daily assessments.  
Pain assessment scales are also used to determine whether a pain-relieving intervention was 
successful or if further interventions are needed. Non-pharmacological pain-relieving interventions 
in a NICU are used for prevention and management of mild to moderate pain and include oral sucrose, 
non-nutritive sucking, swaddling, facilitated tucking, kangaroo (skin-to-skin) care and breastfeeding 
(Carter & Brunkhorst, 2017; Hatfield, Murphy, Karp, & Polomano, 2019). Pharmacological methods 
commonly used for pain management in NICUs include opioids (e.g., morphine, fentanyl), non-
opioids (e.g., paracetamol, indomethacin), sedatives (e.g., propofol, midazolam), and ketamine 
(Carter & Brunkhorst, 2017; Hall, 2012). 
2.5 The Bernese Pain Scale for Neonates 
The BPSN was developed in 1996 by nurses of the University Hospital Bern, primarily for 
clinical use. The BPSN is a multidimensional pain assessment tool that includes seven subjective 
items (sleeping, crying, consolation, skin color, facial expression, posture and breathing) and two 
physiological items (heart rate and oxygen saturation; Cignacco, Mueller, Hamers, & Gessler, 2004). 
Since its first validation in the year 2004, the BPSN has been widely used in Swiss NICUs (Boettcher 
et al., 2012). The results of the first validation study suggested that the BPSN is a reliable and valid 
tool for assessing acute pain in preterm and full-term neonates (Cignacco et al., 2004). A limitation 
of this study was the small study population of only 12 neonates. In addition, feedback from clinical 
practice related to difficulties in pain assessment with the BPSN in very preterm neonates and the 
increasing scientific evidence that neonates’ pain response is influenced by individual contextual 
factors suggested that a revalidation of the BPSN was required. Because the BPSN is already widely 
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used in the clinical setting, a modified version of the BPSN should be quickly adopted by the health 
professionals. 
3. Research questions 
 The present dissertation had three overarching aims: (1) the validation of the BPSN using a 
large sample of neonates with different GAs; (2) the analysis of the influence of individual contextual 
factors on the variability in pain responses; and, (3) the revision of the BPSN according to the study 
results. Two sub-studies addressed the following research questions: 
Sub-study 1 (Manuscript 2) 
1. What are the psychometric properties of the BPSN? 
Sub-study 2 (Manuscript 3) 
2. Which individual contextual factors have an influence on variability in neonates’ behavioral and 
physiological pain responses? 
3. Which modifications are required to improve pain assessment with the BPSN based on the study 
results? 
4. Method 
4.1 Sample and Setting  
This prospective multisite validation study with repeated measurement design was conducted 
in three university hospital NICUs in Switzerland (Basel, Bern, and Zurich). Preterm neonates born 
between 24 0/7 and 36 6/7 weeks of gestation were included if they were expected to undergo 2-5 
routine capillary heel sticks in their first 14 days of life. Full-term neonates born between 37 0/7 and 
42 0/7 weeks of gestation were included if they were expected to have at least two routine capillary 
heel sticks during their first 14 days of life. 
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4.2 Recruitment and data collection procedure 
 Neonates were recruited by consecutive sampling and then stratified according to GA at birth 
(Cignacco et al., 2017). After parents granted written informed consent, trained study assistants 
videotaped neonates during their next 1-5 routine capillary heel sticks. For each heel stick, three video 
sequences were produced: baseline, heel stick, and recovery phase. During each of the three phases, 
the study assistants recorded the neonate’s highest heart rate and lowest oxygen saturation. Every 
neonate received a dose of 24% oral sucrose (0.2 ml/kg bodyweight) before the heel stick procedure 
as a pain-relieving intervention, in accordance with standards of care (Stevens, Yamada, Ohlsson, 
Haliburton, & Shorkey, 2016). Five nurses who were working in a NICU and were experienced in 
using the BPSN rated the behavioral pain expression using the BPSN and the PIPP-R. Individual 
contextual factors were retrospectively retrieved from patient charts or from observations made 
during video recording. 
4.3 Measures 
 Neonates’ pain response was measured with the BPSN (Cignacco et al., 2004) and the PIPP-
R (Gibbins et al., 2014). The BPSN includes seven subjective items (sleeping, crying, consolation, 
skin color, facial expression, posture, breathing) and two physiological items (heart rate, oxygen 
saturation). Each item is rated on a 4-point Likert scale (0, 1, 2, and 3). The scores of 11 or more 
points indicate pain. In a first validation study the BPSN showed good construct validity among 12 
neonates with GAs between 27 and 41 weeks (Cignacco et al., 2004).  
The PIPP-R is a well validated multidimensional pain assessment tool for use with preterm 
and full-term neonates, widely used for research purposes and in clinical settings of North America 
(Gibbins et al., 2014; Stevens et al., 2014). The PIPP-R includes three behavioral items (brow bulge, 
eye squeeze, and naso-labial furrow), two physiological items (heart rate and oxygen saturation), and 
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two contextual factors (GA and baseline behavioral state). Each indicator is rated on a 4-point Likert 
scale (0, 1, 2, and 3). Contextual factors are only factored in if the infant’s behavioral and 
physiological sub score is ≥ 1 (Stevens et al., 2014). Neonates with younger GA and neonates in a 
quiet and sleep state score the highest. Zero points indicate no or perhaps no response to pain, 1-6 
points indicate low pain, 7-12 points indicate moderate pain, and ≥ 13 points indicate severe pain. 
The PIPP-R showed good construct validity among 202 full-term and preterm neonates with GAs as 
young as 26 weeks (Gibbins et al., 2014). 
 Individual contextual factors were determined based on the findings of a systematic review 
(Sellam et al., 2011). Three dimensions of individual contextual factors were collected: (1) 
demographic contextual factors including GA at birth, sex, birth weight, nationality, parity, and way 
of delivery; (2) medical contextual factors including the primary diagnoses (premature or term birth) 
and common comorbidities in preterm neonates, the number of comorbidities, the neonate’s health 
status measured by the Clinical Risk Index for Babies (CRIB; Bührer, Grimmer, Metze, & Obladen, 
2000), ventilation status, and medication; and, (3) experiences with previous painful and non-painful 
procedures (Cignacco et al., 2008). In addition, the following contextual factors were assessed for 
each measurement point: postnatal age (PNA), post-menstrual age (PMA; GA birth combined with 
PNA), weight, the duration of each heel stick procedure, the number of additional sucrose doses given 
during heel stick procedures, and the baseline behavioral state measured with the PIPP-R (Stevens et 
al., 2014).   
4.4 Statistical analyses 
 In the first sub-study (Manuscript 2), the BPSN’s psychometric properties were examined 
using the statistics programs SPSS (IBM© SPSS© Statistics Version 23.0, IBM Corp, Armonk, NY, 
USA) and R (R Core Team, 2017). Intraclass correlation coefficients (ICCs) were calculated to 
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determine interrater reliability of the seven subjective items. Multiple-group confirmatory factor 
analysis (CFA) was used to evaluate the extent to which individual items correlated with the 
unobservable pain construct and whether factor loadings were invariant across time and raters. The 
internal consistency was evaluated by calculating Cronbach’s α. Construct validity was determined 
by comparing the level of pain scores between the three phases of the heel stick procedure (baseline, 
heel stick, and recovery) using linear mixed effects analyses. Pearson product-moment correlation 
coefficients were calculated to establish concurrent validity between the BPSN and the PIPP-R and 
the association between behavioral and physiological pain scores. Receiver-Operating Characteristic 
(ROC) curve analysis was used to evaluate the ability of the BPSN to detect pain in neonates and to 
determine the cut-off value that maximizes both sensitivity and specificity. Because the study sample 
was heterogeneous (neonates’ GA at birth ranged from 24 2/7 to 41 4/7 weeks), the data was 
reanalyzed separately for the four GA-groups: extremely preterm neonates, very preterm neonates, 
moderate to late preterm neonates, and full-term neonates (World Health Organization, 2018). The 
CFA was not reanalyzed for different GA-groups separately because the subsamples were too small. 
GA was already considered in the linear mixed model analyses. 
 In the second sub-study (Manuscript 3), the influence of individual contextual factors on 
variability in neonates’ behavioral and physiological pain responses was analyzed by conducting 
linear mixed effects analyses. The analysis was divided into two stages. First, the effect of each 
contextual factor on the level of pain scores was separately tested in simple linear mixed effects 
models. Second, all contextual factors that reached a p-value below 0.20 were included in a multiple 
linear mixed effects model and backward elimination of non-significant contextual factors was 
conducted. 
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5. Results 
A total of 162 neonates was enrolled in the study; 8 neonates were excluded from data 
analyses because video sequences were missing or of poor quality. Mean GA at birth of the 154 
neonates was 30.9 weeks (SD = 4.5).  
The following chapters summarize the results of the two sub-studies. Sub-study 1 (Schenk et 
al., 2019) analyzed the psychometric properties of the BPSN. Sub-study 2 (Schenk et al., submitted) 
examined the influence of individual contextual factors on the variability in neonates’ pain response 
and modified the BPSN according to the results of the two sub-studies. 
5.1 Psychometric properties of the BPSN 
5.1.1 Factor structure and reliability of the BPSN 
The level of interrater agreement differed between the subjective items of the BPSN. During 
the heel stick phase of the five measurement points, interrater agreement was good to excellent for 
the items crying (ICCs = 0.905-0.945), facial expression (ICCs = 0.833-0.905), posture (ICCs = 
0.722-0.860), consolation (ICCs = 0.634-0.805), and breathing (ICCs = 0.627-0.770). Interrater 
reliability was moderate to good for the item sleeping (ICCs = 0.532-0.646) and poor for the item 
skin color (ICCs = 0.189-0.285).  
The results of the CFA showed that the items consolation, crying, facial expression, and 
posture had factor loadings higher than 0.30 for the subjective subscale. The factor loadings of the 
items breathing and skin color were low (range = -0.167-0.293), and loadings for the item sleeping 
varied widely between raters and measurement points (range = 0.096-0.982). Further analysis of the 
subjective subscale showed that a model including the three items crying, facial expression, and 
posture fit the data best. These three items showed within-rater invariance during the heel stick phase 
of the five measurement points, but no between-rater invariance.  
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The physiological items heart rate and oxygen saturation did not load on a common factor, 
nor did they correlate with each other (r = -0.028-0.106). Therefore, the physiological items’ 
sensitivity to detect pain was analyzed by calculating linear mixed models. Scores of the item heart 
rate were on average 0.65 points higher during the heel stick phases than scores during the recovery 
phases (SE = 0.09, t-value = -7.38); scores of the item oxygen saturation were on average 0.26 points 
higher during the heel stick than during the recovery phases (SE = 0.12, t-value = -2.14).  
 Due to the results of the previous analyses, a first modification of the BPSN was conducted. 
This modified BPSN included a behavioral subscale (facial expression, crying, and posture) and the 
item heart rate as a physiological pain indicator. The next analyses were conducted with this modified 
version of the BPSN.  
5.1.2 Validity of the modified BPSN 
 To determine construct validity of the modified BPSN, the level of pain scores of the 
behavioral subscale between the three phases was compared. Behavioral pain scores in the heel stick 
phases averaged 1.04 higher than pain scores in the baseline phases (SE = 0.07, t-value = 15.01), and 
1.13 higher than pain scores in the recovery phases (SE = 0.07, t-value = 16.04). As mentioned 
previously, pain scores of the item heart rate were on average 0.65 points higher during the heel stick 
phases compared to the recovery phases (SE = 0.00, t-value = 7.38). GA at time of birth significantly 
affected behavioral pain scores (SE = 0.01, t = 5.49) and scores of the item heart rate (SE = 0.01, t = 
6.15); pain scores increased with increasing GA. Concurrent validity between the modified BPSN 
and the PIPP-R ranged from r = 0.600-0.758 (Mdn = 0.688) among the five raters and measurement 
points and tended to increase as GA increases.   
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5.1.3 Sensitivity and specificity of the modified BPSN 
 The results of the sensitivity and specificity analyses indicated that cut-off points needed to 
increase along with GA to reach about 80% sensitivity and similarly high specificity; extremely 
preterm neonates require 0.5 points, very preterm neonates require 1.5 points, moderate to late 
preterm neonates require 2.5 points, and full-term neonates require 3.5 points.  
5.1.4 Correlations between behavioral and physiological pain indicators 
 Correlations between the modified behavioral BPSN subscale and the item heart rate were 
low during the five heel stick phases (r = 0.102-0.379, Mdn = 0.235). There was no obvious difference 
between the correlation coefficients calculated for the four GA-groups separately.  
5.2. Influence of individual contextual factors on pain response 
 Preterm neonates had about 0.72 points lower behavioral pain scores (p < 0.001) and about 
0.23 points lower physiological pain scores (p = 0.004) than full-term neonates. Neonates in an active 
and awake state before the heel stick procedure showed the highest behavioral pain scores during the 
heel stick procedure. Neonates in an active and awake state scored about 0.28 points higher than 
neonates in a quiet and awake state (p < 0.001), about 0.16 points higher than neonates in an active 
and asleep state (p = 0.006) and about 0.50 points higher than neonates in a quiet and asleep state (p 
< 0.001). Neonates who received caffeine had about 0.30 points lower behavioral pain scores than 
neonates who did not receive caffeine during or shortly before the recorded heel stick procedure (p < 
0.001). Finally, neonates who were mechanically ventilated during the recorded heel stick procedure 
had about 0.20 points lower physiological pain scores than neonates who were not ventilated (p = 
0.002).  
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5.3 The Bernese Pain Scale for Neonates-Revised 
 The BPSN was revised based on the results of the two sub-studies. The BPSN-Revised 
(Appendix I) includes three behavioral items (crying, facial expression, and posture), one 
physiological item (heart rate), and three individual contextual factors (PMA, baseline behavioral 
state, and ventilation status).  
6. Discussion 
 The main objective of this dissertation was a revised BPSN that accounts for relevant 
individual contextual factors. Therefore, the dissertation included a comprehensive psychometric 
testing of the BPSN (Manuscript 2) and the examination of the influence of individual contextual 
factors on variability in neonates’ pain response (Manuscript 3).  
6.1 Factor structure and reliability of the BPSN 
The CFA showed that a model that includes the behavioral items crying, facial expression 
and posture fits the data best. Crying, facial expression and body movements are widely studied pain 
indicators and are considered as the most sensitive behavioral indicators for pain assessment in 
neonates (Anand, 2007; Hatfield & Ely, 2015). In the following sections, pros and cons of these three 
pain indicators are discussed and suggestions for improving the reliability of the BPSN items are 
made. The results of the CFA indicated that different raters assess pain differently, an assumption 
further supported by the results of the interrater reliability analysis. Therefore, improving the 
guidelines and training for applying the BPSN in the clinical practice may improve its reliability. 
Facial expression is considered as the most reliable and sensitive indicator for pain assessment 
in both preterm and full-term neonates (Anand, 2007). Brow bulge, eye squeeze, nasolabial furrow, 
and vertical mouth stretch are facial expressions that neonates with different GAs show (Gibbins, 
Stevens, Beyene, et al., 2008). The BPSN’s item facial expression assesses neonate’s face more 
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generally. This general assessment may facilitate pain assessment in preterm neonates who wear 
CPAP masks or tapes that are used to fix a tube to the skin, which hide specific components of facial 
expression such as nasolabial furrow. On the other hand, the assessment of specific components of 
facial expression that neonates typically show when they sense pain makes pain assessment more 
precise and therefore more reliable. The inclusion of a description of these specific components in 
the guideline may enhance the BPSN’s reliability.  
Crying is included in several pain assessment scales (e.g., Hudson-Barr et al., 2002; Hummel, 
Puchalski, Creech, & Weiss, 2008; Merkel, Voepel-Lewis, Shayevitz, & Malviya, 1997), but the use 
of crying as a pain indictor has also been put into question. Some neonates have a limited ability to 
cry due to mechanical ventilation, inhibiting drugs or severe illness (Gibbins, Stevens, McGrath, et 
al., 2008; Hatfield & Ely, 2015). Furthermore, crying is not specific to pain, because neonates cry 
also when they are hungry or feeling unwell (Hatfield & Ely, 2015). However, preterm neonates with 
immature facial muscles are less able to communicate their pain through facial expressions, and 
therefore, crying may be an important first indication that alerts their caregiver (Craig, Korol, & 
Pillai, 2002; Johnston, Stevens, Craig, & Grunau, 1993). Because some neonates are not able to 
express an audible cry, “silent crying” should also be considered in pain assessment (Kostandy et al., 
2008). 
 Specific or more general body movements are also included in several pain assessment scales 
(e.g., Carbajal, Paupe, Hoenn, Lenclen, & Olivier-Martin, 1997; Holsti & Grunau, 2007; Hudson-
Barr et al., 2002). The BPSN item posture assesses body movement more generally by evaluating if 
the neonate’s body is relaxed or tense. Holsti, Grunau, Oberlander and Whitfield (2004) found that 
early preterm neonates show specific body movements like flexing and extending their arms and legs, 
making fists, and finger splaying more often during a heel stick procedure. In addition, Morison et 
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al. (2003) found that neonates with lower GA at birth made more specific body movements but 
showed less facial expression at 32 weeks PMA. These results confirm that the consideration of body 
movement provides supplementary information that enhances accurate pain assessment among 
neonates with different GAs. The inclusion of a description of specific body movements observed in 
very preterm neonates in the guideline may also enhance the BPSN’s reliability. 
 The item oxygen saturation was excluded from the BPSN because heart rate was more 
sensitive to pain. This conclusion is in line with the suggestion of the authors of another study that 
validated a Norwegian version of the PIPP-R (Vederhus, Eide, & Natvig, 2006).  
6.1.2 Validity of the modified BPSN 
 The modified BPSN that includes the behavioral items crying, facial expression, and posture, 
and the physiological item heart rate showed promising construct validity and concurrent validity 
with the PIPP-R. Behavioral and physiological pain indicators were significantly higher during the 
heel stick phases compared to the baseline and recovery phases. Pain scores slightly increased with 
increasing GA.  
6.1.3 Sensitivity and specificity of the modified BPSN 
 The results of the sensitivity and specificity analyses suggested that the cut-off that 
discriminates between no or low pain and moderate to high pain (as measured with the PIPP-R) had 
to increase with increasing GA. To reach a sensitivity and specificity of approximately 80%, 
extremely preterm neonates require a cut-off value of 0.5 points, while full-term neonates require 3.5 
points (total overall scores = 12 points). Compared to the original BPSN’s cut-off of 10.5 points that 
discriminates between pain and no pain (total overall score = 27 points), these cut-offs are much 
lower. In the present study, the means of the original BPSN total score varied widely between the 
five raters, but did not reach the cut-off value of 11 points that indicates a painful state. The oral 
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sucrose administered to each neonate before the heel stick may have lowered pain response, an effect 
which was already demonstrated in numerous studies (Stevens et al., 2016).  
The ROC analysis showed also that the modified BPSN was least able, but still moderately 
good (Streiner, Norman, & Cairney, 2015) in discriminating between neonates who experience no or 
low pain and neonates who experience moderate to high pain in the lowest GA-group. Extremely 
preterm neonates’ pain expression may be less obvious and weak due to their immature nervous 
system and muscles that prevent them from expressing a robust pain reaction (Gibbins, Stevens, 
Beyene, et al., 2008; Gibbins, Stevens, McGrath, et al., 2008; Morison et al., 2003). As mentioned 
previously, adding information about specific components in extremely preterm neonates’ pain 
responses to the guideline may make pain assessment in this vulnerable population more accurate 
and reliable.    
6.1.4 Correlations between behavioral and physiological pain indicators 
Correlations between the modified behavioral subscale and the item heart rate were low. This 
result confirms previous findings (e.g., Välitalo et al., 2016; Vederhus et al., 2006). However, the 
consideration of both behavioral and physiological indicators in neonatal pain assessment is generally 
assumed to be most appropriate for the clinical setting because of the complex nature of pain (Lee & 
Stevens, 2014). Moreover, the results presented in the next chapter show that behavioral and 
physiological indicators are influenced by different individual contextual factors. 
6.2 Influence of individual contextual factors on pain response 
In the second sub-study, the influence of numerous individual contextual factors on variability 
in neonates’ pain response was examined (Schenk et al., submitted). The relevance of significant 
contextual factors in pain assessment is discussed in the following chapters. 
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6.2.1 Gestational age 
Preterm neonates had lower behavioral and physiological pain scores than full-term neonates. 
These results concur with the findings of the first sub-study; the younger the GA, the lower the cut-
off should be that discriminates between no or low pain and moderate to high pain. Neonates with 
younger GA show less obvious and more inconsistent behavioral pain responses than more mature 
preterm or full-term neonates because they have an immature nervous system and less muscular 
strength, posture and body movements (Gibbins, Stevens, McGrath, et al., 2008; Johnston et al., 
2011). Preterm infants may show less change in heart rate because they are in a state of constant 
autonomic arousal due to the repeated painful and stressful procedures they often experience during 
their NICU stay (Grunau et al., 2001). Therefore, neglecting neonate’s age in pain assessment might 
lead to underestimation of a painful state in preterm neonates.  
6.2.2 Baseline behavioral state 
 Neonates in a quiet (asleep or awake) behavioral state before the heel stick procedure had 
lower behavioral pain scores than neonates in an active (asleep or awake) state. This finding confirms 
the results of other studies (e.g., Ahn, 2006; Badr et al., 2010; Johnston et al., 1999). A lower pain 
response does not necessarily mean that a neonate senses less pain. Holditch-Davis, Brandon, and 
Schwartz (2003) showed that neonates’ behavioral responses to environmental stimuli reflect also 
the sleep-wake state in which the responses occur. Preterm neonates spend up to 70% of their time 
in a sleep state (with active sleep as the major behavioral state) and the sleep-wake state changes with 
increasing PMA (Foreman, Thomas, & Blackburn, 2008; Werth et al., 2017). Therefore, the 
consideration of the baseline behavioral state in the assessment of acute procedural pain may enhance 
the accuracy of pain assessment. 
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6.2.3 Ventilation status 
 Neonates who were mechanically ventilated had lower physiological pain scores than 
neonates who were not ventilated during the recorded heel stick. There was also a tendency that 
neonates treated with CPAP had lower pain scores than neonates without any ventilation. These 
findings confirm the result of a previous study (Sellam et al., 2013), while other studies found no 
association between ventilation status and neonates’ pain response (Grunau, Holsti, & Peters, 2006; 
Grunau et al., 2001; Johnston, Stevens, Yang, & Horton, 1996). When the effect of ventilation status 
was examined in a single mixed model, a significant association between ventilation status and 
behavioral pain scores was identified. Behavioral pain scores may be decreased because CPAP or 
tapes that are used to fix the tube hide neonate’s face and impede pain assessment. Therefore, the 
consideration of ventilation status may reduce misjudgment of pain.  
6.3 Bernese Pain Scale for Neonates-Revised  
The BPSN was revised according to the results of the two sub-studies. While the behavioral 
and physiological items showed promising psychometric properties, the adding of the three 
contextual factors demands a further testing of the validity of the BPSN-Revised (BPSN-R). In 
addition, the BPSN was validated and revised for the assessment of acute procedural pain. Because 
the BPSN is used for routine pain assessment in the clinical setting, the BPSN-R should also be 
validated for different painful and stressful procedures and for different types of pain. Acute pain 
shows a clearly different behavioral and physiological response pattern compared to, for example, 
chronic pain (Anand, 2017). While the behavioral response to acute pain is reactive and reflexive, 
neonates’ response to chronic pain may be hypo- or hyperreactive (Anand, 2017). Furthermore, in 
the assessment of pain that contains no clear beginning and end (e.g., prolonged or chronic pain), the 
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assessment of a baseline behavioral state may be problematic. Future validation studies should 
examine the feasibility and clinical utility of the BPSN-R. 
6.4 Strengths and limitations 
This study has several strengths. First, the study sample included full-term and preterm 
neonates that cover a wide range of GAs. This is advantageous compared to other studies mostly 
focusing on preterm neonates with higher GA or full-term infants, as this allows the generalization 
of the study results to the entire population in which the BPSN is applied. Second, neonates’ pain 
response was measured repeatedly across the first 14 days of life. This allowed the consideration of 
neonates’ development across time. Most studies that evaluated neonates’ pain response used a cross-
sectional design (Williams, Khattak, Garza, & Lasky, 2009). Third, the influence of numerous 
individual contextual factors that may have an influence on neonates’ pain responses was examined. 
The use of multiple linear mixed effects analyses allowed the examination of each factor’s 
independent contribution in explaining neonates’ pain responses. Fourth, the influence of contextual 
factors on physiological and behavioral pain indicators was analyzed separately, because these 
indicators show only low correlations with each other.  
There are several limitations that need to be considered when interpreting the study results. 
First, characteristics of the video sequences may have affected the reliability of the ratings (e.g., poor 
lighting conditions). Second, different nurses performed the heel sticks, and their individual 
characteristics may have influenced the neonates’ pain response. Third, particularly during the 
baseline and recovery phases, where the scores of the items were low and therefore upper categories 
were almost or completely left empty, floor effects may have influenced study results. For example, 
a variety of extensions of the model specification was considered in the factor analysis, but they were 
discarded because of convergence problems likely related to floor effects. Fourth, hypothesis testing 
Individual contextual factors in neonatal pain assessment 25 
may be compromised by measurement error caused by differences between the ratings of the five 
nurses (Hallgren, 2012). This possible influence was compensated by either including the raters in 
the model, or by conducting separate analyses for each rater and pooling the results afterwards.  
6.5 Conclusions and outlook 
This is the first study that examined the factor structure of the BPSN and tested its 
psychometric properties among a large sample of neonates that cover a wide range of GAs. The 
results of this dissertation suggested a significant reduction of the number of items in the original 
BPSN, leaving only three behavioral items (crying, facial expression, and posture) and the 
physiological item heart rate. The results further suggested to add the contextual factors PMA, 
behavioral state and ventilation status to the BPSN-R. 
The BPSN-R is one of few pain scales that have undergone rigorous psychometric testing 
among full-term and preterm neonates with different GAs and across repeated measurement points. 
It is also one of few pain scales that considers preterm neonates’ immaturity by using different cut-
offs for different PMA-groups. The consideration of PMA and other contextual factors in the BPSN-
R will contribute to higher accuracy of pain assessment and prevent misjudgment of a painful state. 
The results of this dissertation emphasize that neonates’ pain response is influenced by more than the 
noxious stimulus itself. As many preterm neonates spend more than 14 days on a NICU, future studies 
should observe neonates during their entire NICU stay. Neonates with the same PMA, but born with 
different GAs may not show the same pain response because neonates with younger GA have spent 
a longer time outside the intrauterine environment and consequently have had different experiences 
(e.g., they may have had more painful experiences and longer maternal separation). In sum, the 
BPSN-R is a promising tool for acute procedural pain assessment in full-term and preterm neonates 
with different GAs. However, further testing of its validity, feasibility and clinical utility is warranted. 
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Appendix I: The Bernese Pain Scale for Neonates-Revised 
Pain indicators 0 1 2 3 Score 
Crying Not crying 
Brief period of 
crying  
(less than 2 
minutes) 
Increased crying 
(more than 2 
minutes) 
Increased, shrill 
crying  
(more than 2 
minutes) 
 
Facial expression Face relaxed Brief grimace 
Increase grimace 
and trembling of 
chin 
Permanent 
grimace of face 
and trembling of 
chin 
 
Posture Body relaxed 
Mainly relaxed, 
short bouts of 
tension 
Frequent bouts of 
tension but 
relaxation 
possible 
Permanently 
tense  
Heart rate (bpm) 
Baseline score: 
 
_______________ 
Normal 
(Baseline) 
Increase of 20 
bpm or more over 
the baseline with 
return to baseline 
within 2 minutes 
Increase of 20 
bpm or more over 
baseline without 
return to baseline 
within 2 minutes 
Increase of 30 
bpm or more over 
baseline or more 
frequent episodes 
of bradycardia 
within 2 minutes 
 
Subtotal  
Subtotal ≥ 1: Contextual factors need to be added!  
Contextual factors 0 1 2 3 Score 
Postmenstrual age 
(GA + number of 
days since birth) 
Full-term 
neonates 
(≥ 37 0/7 weeks) 
Moderate to late 
preterm neonates 
(32 0/7 – 36 6/7 
weeks) 
Very preterm 
neonates 
(28 0/7 – 31 6/7 
weeks) 
Extremely 
preterm neonates 
(< 28 weeks) 
 
Behavioural state 
(baseline) 
Active 
(awake or asleep) 
Quiet 
(awake or asleep)   
Ventilation status CPAP or no ventilation 
Mechanical 
ventilation   
Overall Total   
Overall total = Subtotal of pain indicators + score of contextual factors (if subtotal of pain indicators  ≥ 1). 
 
0-4 points = no pain or no observable pain reaction 
≥ 5 points = pain 
 
Procedure: 
1. Observation of the neonate during the baseline phase for 15 seconds: Assessment of the highest 
heart rate and behavioural state 
2. Observation of the neonate during the procedure for 2 minutes: Assessment of the three 
behavioural pain indicators (crying, facial expression, posture) and the highest heart rate. 
3. Calculation of the sub-total based on the 4 pain indicators. 
4. If subtotal ≥ 1 point, evaluation of the three contextual factors and calculation of the overall total. 
Overall total = subtotal + contextual factors 
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